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Abstract 
Currently, the main field of application of additive manufacturing processes is shifting from research laboratories to production facilities. 
Simulation models can foster this transition by providing support in process development and design. This paper introduces approaches to 
modelling the beam-material interaction in laser beam melting on a level of detail that allows the simulation of the whole build-up process of 
parts, not only of single laser tracks. Thus both the achievable result accuracy and the needed calculation time are discussed. For this purpose, 
fundamental correlations to link process characteristics with model parameters are explained. Subsequently, four modelling approaches are 
analysed. After an introduction of the well-known method of applying a uniform load on a whole layer compound (e. g. [1]), the developed 
methods are discussed which allow modelling the beam-material interaction on a more detailed level. Thereby, the focus lies on the ability to 
model load gradients perpendicular to the build direction. This article is completed with a discussion of simulated temperature curves for 
selected monitoring points using two different modelling approaches. 
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1. Introduction 
Additive manufacturing is becoming more and more 
important to industrial enterprises. Especially the laser beam 
melting (LBM) process is increasingly utilized for the 
manufacturing of products [2]. Therefore, a first-time-right 
process design is ideal to ensure economical fabrication. 
Simulation models can contribute to this objective by offering 
the possibility of virtual tests of chosen process parameter 
combinations in terms of their influence on quality criteria 
(like resulting temperature fields or distortions). Within this 
manuscript approaches for an efficient modelling of the beam-
material interaction are introduced and their potential is 
discussed. Finally, simulation results are analysed and future 
work is derived.  
2. Simulation of the laser beam melting process 
The LBM process is an additive manufacturing technique 
to produce almost fully dense metal parts from a powdery 
feedstock by utilizing a laser beam for the powder 
solidification. Figure 1 illustrates a schematic setup of a LBM 
system. The general process procedure consists of three 
recurring steps:  
1. Applying a powder layer (a, i) by the utilization of a 
coater (b)  
2. Local solidifying (caused by f, g) of the powder 
according to the corresponding layer information in a 
process chamber which is flooded with inert gas (h)  
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3. Lowering the build platform (e) on which the base plate 
(j) is mounted consistent with the utilized layer thickness 
(typically 20 - 50 μm). 
Fig. 1. Schematic setting of an LBM system (following [3]). 
Throughout the process, parts (c) are built on a base plate 
(j) ensuring a mechanical connection. This is of importance 
because the high energy input of the laser causes local 
temperature gradients which lead to residual stresses. In cases 
in which a mechanical connection between the part and the 
base plate is not granted, part layers bend as a result of the 
temperature gradient mechanism [1] and can thereby cause a 
collision with the coater (b), even during the part’s generation. 
This could lead to a process interruption. For the same reason 
overhanging part areas also need to have a mechanical 
connection with the base plate. This is achieved by utilizing 
support structures (d). 
In order to enhance the understanding of the described 
process, several models of the LBM process have been 
developed. On the one hand, there are existent simulation 
models which take occurring physical effects during powder 
solidification like Marangoni convection, evaporation etc. into 
account and aim to simulate the beam material interaction 
with a high time resolution. This results in a large amount of 
calculation steps but allows investigating e. g. melt pool 
dynamics and powder solidification within one laser scan 
vector (so-called hatch) with a high spatial and time resolution 
([4], [5]). Considering today’s state of the art computer 
hardware, it is hardly possible to use such detailed modelling 
techniques for the simulation of the whole part’s structural 
behaviour (e. g. distortions or the residual stress states). 
Hence, abstractions are used within current simulation models 
which lead to a significantly reduced computing time and 
allow the application on mid-sized workstations (for instance 
8 cores, 32 GB working memory). Instead of being able to 
analyse melt pool dynamics of single hatches (spatial 
resolution: micrometers, time resolution milliseconds [5]) or 
layers, the temperature field during the build-up process or the 
resulting part’s structural properties can be simulated in this 
case (spatial resolution: millimetres, time resolution 
(milli)seconds ([1], [6])). Within this article approaches for a 
computing time efficient modelling of the beam-material 
interaction during the whole build-up process are introduced 
and discussed (by utilizing the FEA-software ANSYS®). This 
work is based on previous research results (see [7], [8] and 
[9]). 
 
3. Methods for modeling the beam-material interaction 
3.1. Overview and basics 
In literature ([1], [10]) the modelling of the beam-material 
interaction is often done by applying a heat flux (power per 
area in [W/m2]) or by prescribing a temperature load for a 
defined time. The methods introduced in the following are 
with minor adjustments in the programme code suitable for 
both ways of load application and are explicitly discussed in 
order to model layer compounds, not single layers only. 
Within the scope of this work, the load is applied as a “load-
step” and subsequently the resulting temperature field for a 
predefined cool down time is calculated within a succeeding 
load-step subdivided into discrete “sub-steps”. Hence, the 
amount of necessary solution steps Nsolution,th, which decisively 
defines the calculation time for the thermal simulation, can be 
determined as a function of the amount of load-steps Nload,th 
for heat input modelling. Assuming that there is a constant 
ratio between load- and corresponding sub-steps for the cool 
down times and that the heat input load-step is not subdivided, 
the amount of solution steps can be estimated by the 
following equation: 
.,,,, thsubthloadthloadthsolution NNNN |
 (1) 
The amount and timing of sub-steps per load step to model 
the cool down period Nsub,th can be either defined by the user 
or automatically chosen by ANSYS® using the command 
“autots”. Following the real process chain, a final cool-down 
time (order of dimension: minutes to hours) should be 
modelled after the build-up process [1], which does add 
solution steps once but is neglected in equation 1.  
As a weak coupling between thermal and mechanical 
solution [1] is chosen for this work, the thermal calculation is 
completed before the mechanical solution is started. The loads 
for the latter are the transient temperature fields resulting from 
the load- and sub-steps within the thermal solution. For the 
best possible result accuracy, the amount of load-steps in the 
mechanical solution Nload,m should equal the sum of load- and 
sub-steps in the thermal simulation (cf. formula 1 and 2): 
.,,,, thsubthloadthloadmload NNNN |
 (2) 
Consequently, this leads to a significant increase in 
solution steps and calculation time needed for the mechanical 
solution and CAE-engineers should be aware of the 
correlations described in equations 1 and 2 while developing 
modelling approaches (load- and sub-steps needed) for the 
heat input. To reduce the time required for the mechanical 
solution, it is possible to apply not every temperature field 
resulting from a thermal load- or sub-step as load for the 
mechanical solution. This should lead to a reduced calculation 
time but might also affect the result accuracy. 
Figure 2 illustrates the approaches for heat input modelling 
discussed within this manuscript. The most abstract level to 
simulate the melting of a layer compound, which is already 
well-known in literature ([1], [11], [12], [7]), is achieved 
through the application of a uniform load on the whole layer 
within one load-step. With this method, no consideration of 
temperature gradients in X-Y-direction during load 
application is possible. If these gradients should be taken into 
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account, the scan pattern and the scan strategy should be 
modelled. Therefore, a method which is based on machine 
data (all scanning information available through CLI-files 
(Common Layer Interface)) was developed. If no CLI-data is 
available, alternative approaches based on the utilized scan 
pattern or the part’s geometry (non-uniform heat input) are 
needed and will also be discussed. 
 
Fig. 2. Different methods of heat input modeling. 
3.2. Load dimensioning for layer compounds 
In literature, three general possibilities to abstractly model 
the beam-material interaction within a single layer can be 
found: application of load (heat flux or temperature) on the 
whole layer within one load step (cf. figure 2 top right and 
[1]), successively on parts of the layer ([1], box-wise: [11]) or 
hatch-wise [1]. Furthermore, it is discussed for example in 
[1], [8] and [10] that, considering today’s computer hardware, 
it is beneficial to merge layers within the simulation. Thereby, 
the computing time is reduced because the total amount of 
solution steps and the number of required elements is 
decreased. Hence, modelled layer compounds comprise for 
instance 25 real layers. As a consequence, the machine data 
(laser power, scanning velocity, timing etc.), which is 
dimensioned to fuse only one track, cannot be implemented 
without adjustments because the melting of more powder 
material needs to be simulated within one load-step. For 
calibrating the load for a layer compound volume, [12] 
suggest to adjust the heat flux density and the exposure time 
until the temperature of the material within the corresponding 
volume exceeds the melting temperature. If a temperature 
load is utilized, [7] recommends applying the melting 
temperature as a value. Within this paper, the value of the 
applied temperature loads equals in every case the solidus 
temperature of the processed material. Above this 
temperature, the material is partly in its liquid state and the 
strength behaviour of the material can be neglected for the 
calculation of the part’s structural behaviour. The 
corresponding load time is calculated as follows: 
.
),,(
,
exp
,
areaelements
hatchscanlaserbeamosure
tempload N
dvdt
t  
 (3) 
In formula (3), texposure equals the sum of the exposure time 
per area to be solidified, which is a function of the laser beam 
diameter dlaserbeam, the corresponding scanning velocity vscan, 
and the distance between the hatches dhatch, divided by the 
amount of elements within the corresponding layer section 
Nelements,area. 
3.3. Heat input on whole layer at once 
Uniform heat input 
The most relevant advantage of the load application on a 
whole layer at once is that only one load-step is necessary to 
model the fusion of a layer compound. Hence, this is the most 
calculation time efficient method which is discussed within 
this manuscript. [8] showed that by utilizing a uniform heat 
input on a whole layer a deviation between experimental and 
simulation data down to about 10 % can be achieved for 
sections of a geometrically simple cantilever (part equals a T-
profile, dimensions: 70 x 10 x 4.5 mm3). However, within the 
investigation of a valve body by [1], the result accuracy partly 
fell significantly below 90 %. As a conclusion, [1] and [10] 
suggest to model the heat input on a more detailed level to 
enhance the result accuracy for geometrically complex parts, 
especially with large cross sections. To sum up, the 
application of a load on a whole layer at once is the most 
calculation time efficient approach, but is limited in the 
achievable result accuracy, if the load is a uniform one. 
Therefore, this method was developed further within this 
work.  
Non-uniform heat input and filigree analysis 
The image in the middle of figure 3 illustrates a 
temperature field in a turbine blade (CAD-model is a courtesy 
of the MTU Aero Engines AG) obtained by numerical 
simulation. The underlying data set equals the fourth cool 
down sub-step of the 20th layer compound. To model the 
whole part geometry (material Inconel 718), 60 layer 
compounds (500 μm each) are necessary. 
 
Fig. 3. Motivation for heat input modeling based on a filigree analysis. 
It can be determined (figure 3, middle) that there is a heat 
accumulation in the free formed, thin-walled part area. This 
effect could be caused by the fact that the heat conduction of 
powdery Inconel 718 is only about 2/100 of the solidified 
material (source powder material: own investigations on non-
compressed powder, solidified material: [13]) and that in this 
area the ratio of material bordering powdery Inconel 718 to 
solidified material is higher than in the cover band area. 
Applying a non-uniform load, for instance, would cause 
occurring load gradients to be modelled starting from the 
load-step, which is expected to increase the result accuracy 
but not the calculation time. As a result, the illustrated 
temperature profile supports the motivation to consider 
temperature gradients perpendicular to the build direction 
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which are caused by the part’s geometry in the load-step for 
heat input. However, the layer compound-wise automated 
identification of a representative load is not trivial. One way 
to dimension load parameters is to consider the geometrical 
characteristics of the parts. Within this work it is suggested to 
perform an upstream filigree analysis of the part to identify 
filigree and massive part areas. This information is passed on 
to the simulation model and used to area-wise adjust the set of 
load parameters (LP). The right image in figure 3 illustrates 
exemplarily the result of the filigree analysis of the turbine 
blade based on the CAD-model shown on the left. In order to 
identify suitable load parameters for filigree and massive part 
areas experimental or numerical studies can be carried out. 
According to the result shown in figure 3 it appears to be 
appropriate to either increase the load time for the free formed 
(filigree) part area or to prescribe a higher temperature value 
as load in order to model the expected heat accumulation (cf. 
figure 3, free-form area) in this area directly within the load 
step. The filigree analysis that led to the results shown in 
figure 3 is based on previous work (see [9]) and explained in 
the following. The underlying four-step procedure is shown in 
figure 4.  
 
Fig. 4. Utilized mutli-step filigree analysis. 
Here, the cross section of layer compound 21 is shown to 
explain the principle of the analysis, which is applied to every 
layer compound. In the illustrated case (figure 4) only one 
closed polyline surrounds the slice area to be built. Hence, the 
first two criteria of the filigree analysis are not true in the first 
cycle because the regarded area neither should be smaller than 
a critical area nor should its slenderness be higher than a 
slenderness threshold for filigree areas. Furthermore, the third 
criterion is not fulfilled. The inspection area is larger than an 
area threshold should be chosen but its slenderness is not 
smaller than a corresponding threshold should be. As a 
consequence, it cannot be declared as massive area (criterion 
3) and is to be passed to the fourth step of the analysis. 
Thereby, the course of the scan vector length is investigated. 
If there is a difference in consecutive scan vector lengths 
greater than a user defined limit, a critical point is generated. 
After the completion of the fourth analysis step, the part is 
subdivided at the determined critical points, cf. figure 4, 
bottom pictures a to c. Thereby three closed sections are 
created on the basis of the cross section of layer compound 
21. These are passed through the first three analysis steps and 
should now fulfil one of the criteria. As a result the cover 
band parts (a and c) are declared as massive (criterion 3) and 
the free formed area as filigree (criterion 2). Since all 
thresholds can be adjusted by the user based on his experience 
in processing the considered material by utilizing his standard 
process parameters, the introduced filigree analysis exhibits 
high potential for a user specific, flexible and automated 
characterisation of part areas. Thereby, the underlying 
assumptions are known which lead to the classification of part 
areas as filigree or massive. This is fundamental to determine 
adjusted load parameters by numerical or experimental 
means. 
3.4. Pattern based heat input 
As an alternative to the application of non-uniform loads in 
order to consider temperature gradients perpendicular to the 
build direction, the scan pattern utilized in the additive 
manufacturing machine can be modelled. This leads to an 
increase in require load- and sub-steps but should also 
increase the result accuracy. In previous work (see [7]), a 
suitable abstraction method for the stripe-wise scan pattern 
(cf. figure 5) was introduced which will be discussed in the 
following. 
 
Fig. 5. Abstraction method for a stripe-wise exposure strategy, following [7]. 
In the left column the stripe-wise exposure as applied in 
additive manufacturing machines is outlined. The cross 
section to be fused by the laser beam is subdivided into stripes 
of the width b, which are optionally also subdivided into 
boxes of the same width b (in figure 5 exemplarily three 
boxes), which should again increase the result accuracy as 
gradients can be modelled closer to reality. The boxes within 
the stripes are to be exposed in a meandering pattern. 
Thereby, this grid rotates from layer to layer by a defined 
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angle of γ, cf. figure 5 right column. Figure 6 illustrates the 
strip-wise heat input on a layer compound of the simplified 
turbine blade (cf. CAD-model in figure 3). 
 
Fig. 6. Temperature distribution resulting from pattern based heat input. 
The advantage of this method lies in its applicability even 
without machine data, because the angle γ can be determined 
by analysing welding marks in metallographic microsections. 
However, the initial orientation of the grid or special cases of 
the heat input (like an additional exposure of the contours at 
the end of a layer solidification) might not be known in 
advance without machine data. It can be concluded that the 
pattern based heat input is a possibility to take into account 
the temperature gradients perpendicular to the build direction, 
even if there is no detailed machine data available, which is 
often the case in today’s industrial practice. Even though the 
initial orientation of the grid might not match the one used in 
the manufacturing system for a specific build job, a core 
aspect of the stripe-wise heat input can be modelled. This is 
the rotation of the grid by a specific angle of γ, which is 
chosen by the machine manufacturer based on experiments. 
The objective in investigating this angle was to rotate the grid 
from layer to layer in a way that leads to a distributed heat 
input. Hence, by utilizing layer compounds and a pattern 
based heat input, the principle of the stripe exposure 
(distributed heat input) can be modelled. However, there is 
still the abstraction in build direction, which results from 
utilizing layer compounds. Consequently, with this set-up a 
build-up process with a layer height equal to the layer 
compound height is modelled.  
3.5. CLI-data based heat input 
Within this section the stripe pattern as illustrated in figure 
5 (left column) forms the basis of the explanations on the 
developed approaches. 
Approach to generate scan areas from scan vectors (CLI-
data) 
If the heat input is modelled exactly based on CLI-data the 
hatches and polylines as applied in the additive manufacturing 
machine are the foundation for the definition of scan areas, 
which need to be implemented. Figure 7 illustrates the 
corresponding principle applied on a stripe wise exposure. 
 
Fig. 7. CLI-data based heat input. 
In step 1, the whole scan vector information (hatches and 
contour vectors (polylines)) as transferred to the additive 
manufacturing machine is shown. The steps 2 to 5 illustrate an 
abstraction of all scan vectors to 4 load steps. Assuming that 
the contours will be solidified first, the first scan area (cf. step 
2 in Figure 7) comprises the contour vectors and a proportion 
of all hatches. The second area (step 3) summarizes one third 
of the hatches to be solidified, which were not considered 
within step 2. In step 4 and 5 the residual hatches are grouped. 
The mathematical background is described in the following 
formula:  
.
,
,
,
layerareas
totalscan
areascan N
L
L  
 (4) 
Thereby, Lscan,total is the accumulated total length of all scan 
vectors within one layer and Nareas,layer is the intended amount 
of scan areas per layer. The resulting Lscan,area is the 
accumulated length per scan area. As the position and timing 
of the scan vectors are included within the CLI-files, the 
corresponding area can be derived from the scan vector 
lengths Lscan,area.  
It is also possible to divide the area to be solidified within a 
layer in relation to the total exposure time. The mathematical 
background is similar to the one introduced in formula 4, 
except that times are considered instead of lengths. 
Approach to apply layer information on layer compounds 
As explained above, for the simulation of the build-up 
process layer compounds are usually utilized for the geometry 
modelling. Hence, besides the amount of scan areas per layer 
(Nareas,layer) also the amount of layers applied as load on a layer 
compound need to be specified, cf. figure 8. 
 
Fig. 8. Layers as data base for heat input per layer compound. 
On the left hand side in figure 8, a CAD-model of the 
exemplary layer compound is visualized. Its scaled side view 
is shown on the right. Thereby, the positions of the real layers, 
which are comprised within the regarded layer compound (in 
this case 25 real layers), are marked in dashed lines. To 
illustrate the principle, a heat input on the data base of every 
5th layer is highlighted by a broken-dotted line. Because the 
layers on Z1- and Z2-level are also considered within this 
example to ensure a constant transition between layer 
compounds, a total of 6 layers function as a data base for the 
heat input.  
Today, a meshing of the layer compounds is preferred 
which leads to nodes on a specified height [9]. Therefore, e. g. 
linear hexahedral elements can be applied. These elements 
exhibit 8 nodes and the height of a layer compound (Z2 - Z1). 
This results in a reduced amount of elements and nodes 
needed for the meshing compared to the application of 
tetrahedral elements. But as a consequence, nodes are only 
existent on the Z1- and Z2-level. Hence, also the load 
according to the heat input information of the layers located 
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within Z1 ≤ Z ≤ Z2 can be applied exclusively on the Z1- and 
Z2-level or on both levels. This effect leads to a discretization 
of the heat input in build direction (Z-direction). If not every 
layer within a layer compound is taken into account for the 
load application (cf. figure 8: 6 layers), the sequence of the 
grid orientation (cf. figure 5) does not equal the one applied in 
the machine. 
4. Conclusion on theory and simulation results 
4.1. Conclusions based on the theoretical investigation 
The methods introduced within this manuscript do all 
exhibit advantages and disadvantages which are summarized 
in the following. The heat input on a whole layer is the most 
calculation time efficient method because the amount of load 
steps needed per layer compound is the least of all. If a 
uniform load is applied, the consideration of temperature 
gradients perpendicular to the build direction is not possible. 
For utilizing non-uniform loads an upstream filigree analysis 
could be appropriate. Thereby, filigree or thin walled part 
areas can be identified automatically and load parameters can 
be adjusted based on numerical or experimental studies. 
Hence, this method allows taking temperature gradients as a 
result of the part geometry into account and does require only 
one load step per layer compound, but is not able to consider 
effects caused by the scan pattern. Therefore, either machine 
data (CLI-data, which comprises information about hatches 
and polylines, cf. figure 7) must be available in an encrypted 
format or the general idea of the scan pattern must be known 
(for instance obtained by process monitoring) and modelled 
(cf. figure 5). An advantage of machine data-based methods is 
that it is not only possible to consider the sequence of the scan 
vectors, but with an upstream filigree analysis also heat 
transfer effects caused by the part’s geometry can be taken 
into account by area-wise adjusting of load parameters (cp. 
non-uniform heat input on whole layer).  
The level of detail in terms of the consideration of the scan 
vector order can be decisively influenced by the parameter 
Nareas,layer (cf. formula 4), if machine data is available. Hence, 
it is possible to choose the length of a scan area smaller than 
the length of a real hatch (Nareas,layer larger than amount of scan 
vectors per layer) which would lead to a detailed modelling of 
the beam material interaction. However, this appears to be not 
expedient for industrial application because the amount of 
load steps needed for modelling the build-up process would 
increase in a way that the calculation times and the result file 
sizes are larger than accepted by the users. In general, taking 
the scan pattern into account (CLI- or pattern-based) leads to 
an increase in load steps compared to the application on a 
whole layer. For that reason it is advisable to foresee a 
modular structure of the simulation system and let the user 
decide whether an increase in both calculation time and result 
accuracy is acceptable and desired or the calculation time 
efficient way is preferred. 
4.2. Simulation results 
Figure 9 illustrates the utilized simulation setup. Thereby, 
the simplified turbine blade (cf. CAD-model in figure 3) is 
modelled with its real dimensions (height 30 mm) and a layer 
compound height of 250 μm, which equals 12,5 real layers. 
 
Fig. 9. Setup and position of monitoring points. 
The part is meshed by hexahedral elements with varying 
dimensions below or equal 1 mm. The base plate is modelled 
with the dimensions of 250 x 250 x 50 mm3 in order to 
accurately model the process environment and meshed by 
tetrahedral elements. The preheating of the base plate is 
modelled by a block structure underneath the base plate, 
which represents the surrounding machine structure with an 
included heating unit. Applied simulation parameters are: 
x preheating temperature 80 °C (on machine structure only) 
x load temperature 1250 °C (solidus temperature of IN 718) 
x time for applying a new layer (cool down time) 14 s 
The following diagrams in figure 10 and 11 show the 
temperature-time-curve for the monitoring points highlighted 
in figure 9. Thereby, two approaches for heat input are 
compared. One data set is based on a uniform heat input on 
the whole layer within one load step whereas the other one is 
premised on a CLI-based heat input. For the latter, all scan 
vectors were exemplarily comprised to Nareas,layer = 3 (cf. 
formula 4). Moreover, the scan information of one layer per 
layer compound was applied as load on the Z2-level with each 
position in the middle of the compound (position (Z2-Z1)/2), 
figure 8). 
Figure 10 illustrates the temperature-time-curve of the 
monitoring point in the massive part area (cf. figure 9) until 
20 seconds process time (equals the solidification of two layer 
compounds). 
It can be seen that the investigated monitoring point is 
located within the first out of three scan areas in the CLI-
based heat input of the first layer compound because the 
highest peak is right at the beginning of the curve. 
Furthermore, for this configuration two more rises in 
temperature are existent due to the heat transfer from 
neighbouring scan areas. Thereby the third scan area has a 
shorter distance to the monitoring point compared to the 
second one because the corresponding peak exhibits a higher 
temperature (about 130 °C vs. 110 °C). For the temperature 
curve which resulted from the prescription of a uniform 
temperature, no further peaks are present because the load 
was applied on the whole layer within one load step only.  
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Fig. 10. Temperature curve monitoring point massive part area. 
This excludes the possibility to model the heating caused by 
neighbouring scan areas which leads to a higher effective 
cooling rate per layer compared to the CLI-based heat input 
(cf. figure 10: temperature curve of the uniform heat input 
exhibits monotonous falling course). Because the simulation 
of the structural part behaviour is based on the thermal 
solution (cf. explanations in the sections above) the 
achievable result accuracy of the mechanical solution will 
also be influenced by not considering the thermal cycling. 
Figure 11 illustrates the results for the monitoring point 
within the filigree part area. Due to the smaller wall thickness 
in this area the described effects are more evident.  
 
Fig. 11. Temperature curve monitoring point filigree part area (cf. figure 9). 
Within the first 2.5 s the monitoring point reached the 
solidus temperature of 1250 °C three times. Due to the 
element size and the orientation of the stripe-grid the 
corresponding node was selected by all three scan areas.  
The calculation time for the CLI-based heat input by 
summarizing all scan vectors to three scan areas was twice the 
amount of time for the heat input on the whole layer. 
5. Summary and future work 
Within this manuscript, methods for heat input modelling 
are discussed which are suitable for the application in build-
up process simulation. A decisive influencing parameter on 
the calculation time is the amount of solution steps needed for 
the thermal solution. After a discussion on corresponding 
influence factors, methods for heat input modelling are 
discussed which do or do not consider temperature gradients 
perpendicular to the build direction. Their theoretical 
background is explained and finally simulation results are 
discussed. It could be found out that the thermal cycling, 
which cannot be modelled by applying the load on a whole 
layer within one step, was more significantly evident in the 
filigree than in the massive part area. It is assumed that 
deviations between reality and simulation results in terms of 
the thermal cycling influence the achievable result accuracy 
of the mechanical solution, which is based on the results of 
the thermal solution. 
Based on the work presented within this manuscript, a 
modular simulation model is available to perform in depth 
studies on suitable strategies for heat input modelling. Future 
work comprises studies regarding the performance of the 
introduced approaches. Thereby not only the achievable result 
accuracy for the thermal solution and their effect on the 
mechanical solution will be taken into account but also the 
calculation time. As a result, user guidelines will be derived 
for an efficient heat input modelling. 
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